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(57) Abstract 

Fbescale resistant bright silver alloys are provided exhibiting lack of significant fire scale formation under normal casting an not 
working conditions and a comparatively high copper content. A deoxidizing additive (silicon) provides the facility of high copper content 
without significant fizescale production in the abse nce of the usual aggressiv e deoxidizers such as zinc Germanium b alloyed in the 
composition to provide work hardening characteristics, Copper proportions of from US % by weight to 19 J % by weight are attained. 
Compositions of silver, copper, silicon and germanium are disclosed, together with compositions modified by the addition of indium, boron 
or tin. 
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SILVER ALLOY COMPOSITIONS 
FIELD OF THE INVENTION 

This invention relates to silver alloy compositions. 
This invention has particular reference to sterling 
5 silver alloy compositions of silver content of at least 92.5* 
for jewellery, flatware, coinage and other applications where 
a work hardening alloy is required and for illustrative 
purposes reference will be made to this application. 
However, it is to be understood that this invention could be 

10 used to produce other types of silver alloys suitable for use 
as for example, electrical contacts or the like. 
BACKGROUND OF THE INVENTION 

In general, silver as a material for the production of 
silver jewellery, certain coinage and the like is specified 

15 to be sterling silver comprising at least 925 parts per 
thousand by weight fine silver and is specified as ".925 
silver". .925 silver accordingly typically comprises an 
alloy 92.5% by weight silver, generally alloyed with copper 
for hardness traces of other metals as additives or 

20 impurities. 

Conventional silver alloys of the .925 type have several 
disadvantages in manufacturing jewellery and other materials 
engineering contexts. Principal limitations include a 
characteristic firescale formation attributed to oxidation of 

25 copper and other metals at the surface of cast or hot worked 
pieces, and poor work hardening characteristics relative to 
traditional .925 silvers. 

Several formulations have been proposed to overcome one 
or the other of the aforementioned disadvantages. United 

30 States Patent Nos. 5039479 and 4973446 disclose alloys of 
silver and master alloys for the production of such silver 
alloys having superior qualities over conventional alloys, 
and including, in addition to silver, controlled amounts of 
copper and zinc, together with minor amounts of tin, indium, 

35 boron and silicon. 
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The compositions exhibit reduced porosity, grain size 
and fire scale production, and have acquired wide utilization 
in silver jewellery production. It is presumed but not 
established that the addition of zinc to such compositions 
5 provides at least a degree of antioxidant properties to the 
compositions when hot worked and improves colour, thus 
allegedly limiting the formation of copper oxide based fire 
scale, and reducing silver and copper oxide formation 
resulting in formation of pores in the cast or recast alloys. 

10 Silicon appears also to function as an antioxidant, and 
apparently reduces firescale formation. 

A disadvantage of the hereinbefore described firescale 
resisting alloys is that the alloys exhibit poor work 
hardening qualities thus not achieving the mechanical 

15 strength of traditional worked .925 silver goods. A further 
disadvantage of the prior art alloys is that formulations in 
accordance therewith are generally limited to modest copper 
content, thus reducing the potential as-cast hardness. 
' International Patent Application No. PCT/AU94/00351 

20 discloses improved .925 silver alloys exhibiting firescale 
resistance and work hardening characteristics comparable to 
traditional .925 silvers. Again, the alloys are 
characterised by a relatively low copper content of about 0.5 
by weight, about 0.02 - 7% by weight of a firescale resisting 

25 additive selected from one or a mixture of zinc and silicon, 
and about 0.01 - 2,5% by weight germanium. 

However, in some applications a high copper alloy is 
desired for its hardness. Such high copper alloys were 
generally regarded as firescale prone due to elevated levels 

30 of copper oxide being formed at the metal surface. It has 

unexpectedly been discovered by the applicant that such high 
copper alloys can be formulated to exhibit firescale 
resistance. 

DISCLOSURE OF THE INVENTION 
35 The present invention aims to provide high copper silver 
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alloy compositions which substantially alleviate at least one 
of the foregoing disadvantages. A further object of the 
present invention is to provide high copper silver alloys 
having the desirable properties of reduced fire scale, 
5 reduced porosity and oxide formation and reduced grain size 
relative to traditional sterling silver alloys whilst 
providing improved work hardening performance over the 
current firescale resistant alloys. Other objects and 
advantages of this Invention will hereinafter become 
10 apparent. 

With the foregoing and other objects in view, this 
invention in one aspect resides broadly in silver alloy 
compositions comprising: - 

2.5 - 19.5% by weight copper; 
15 0.02 - 2% by weight of silicon; 

0.01 - 3.3% by weight germanium, and 
silver to 100%. 

Like the prior art firescale resistant bright sterling 
alloys, alloys in accordance with the present invention do 

20 not exhibit significant firescale under normal casting and 

hot working conditions. Unlike the previous bright sterling 
alloys, the present alloys are comparatively high in copper 
content and are accordingly harder as cast and with working. 
As it is accepted belief that firescale is a copper oxide and 

25 that high copper alloys are Inherently firescale prone, to 

create a high copper content, firescale free sterling silver 
is quite contrary to expectation. 

In particular it is unexpectedly found that the choice 
of deoxidizing additive (silicon) provides the facility of 

30 high copper content without significant firescale production, 
whereas the more common aggressive deoxidizers such as zinc 
do not. Firescale resistance is of particular importance for 
hot working for hardness and in this context the use of 
germanium as an alloying agent provides alloys which are both 

35 firescal resistant and work hardenable, and which in any 
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case are harder than prior art alloys due to their elevated 
copper content. 

Preferably, the alloy contains a proportion of silver 
required for the graded application to which the alloy is to 
5 be put, such as .925 silver, that is at least 92.5% by 

weight, for sterling silver applications and at least 90% by 
weight for coinage. 

The copper content of the alloys may be selected to 
provide a desirable as-cast hardness of the product alloys. 

10 Below about 2.5% by weight, the alloy does not attain an 
appreciable hardness benefit. Over 19.5% copper, the 
compositions do not exhibit the required firescale 
resistance, at the maximum practical usage of silicon 
deoxidizer. Preferably, the copper content of the alloy is 

15 in the region of 6 to 16% by weight. 

The germanium content of the alloy results in alloys 
having work hardening characteristics of a kind with those 
exhibited by conventional .925 silver alloys, together with 
the firescale resistance of the hereinbefore described 

20 firescale resistant alloys* In general, it has been 

determined that amounts of germanium in the alloy of from 
about 0.04 to 2.0% by weight provide modified work hardening 
properties relative to alloys of the firescale resistant kind 
not including germanium. However, it is noted that the 

25 hardening performance is not linear with increasing germanium 
nor is the hardening linear with degree of work. 

The alloys of the present invention may also include 
rheology modifying and other additives to aid in improving 
the castability and/or wetting performance of the molten 

30 alloy. As described hereinafter, the modified alloys of the 
present invention are described in terms of weight percentage 
of additive added to the defined composition of the 
aforementioned alloys of the present invention. 

For example, about 0.0 to 3.5% by weight of a modifying 

35 additive selected from one or a mixture of indium and 'boron 
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may be advantageously added to the alloy to provide grain 
refinement and/or reduce surface tension, thereby providing 
greater wettability of the molten alloy. Where used, 
preferably the amount of boron utilized in the composition is 
5 from about 0 to 2% by weight boron and/or about 0 to 1.5% by 
weight indium. 

Accordingly, in a further aspect this invention resides 
in silver alloy compositions comprising 0.0 to 3-5% by weight 
of a modifying additive selected from one or a mixture of 
10 indium and boron alloyed with a composition selected from 
alloys comprising: - 

2.5 - 19.5% by weight copper; 

0.02 - 2% by weight of silicon; 

0.01 - 3.3% by weight germanium, and 
15 silver to 100%. 

Of particular utility in alloys of the present invention 
is the addition of tin, used up to about 6% by weight of the 
compositions as defined. Accordingly, in a further aspect 
this invention resides broadly in silver alloy compositions 
20 comprising tin in an amount of 0-6% by weight alloyed with a 
composition selected from alloys comprising 

2.5 - 19.5% by weight copper; 

0.02 - 2% by weight of silicon; 

O.01 - 3.3% by weight germanium, and 
25 silver to 100%. 

The selection of alloys have particular application to 
jewellery manufacture and plate work and in a further aspect 
this invention relates to a method of producing cast and hot 
worked jewellery and plate including working an alloy 
30 comprising: 

2.5 - 19.5% by weight copper; 

0.02 - 2% by weight of silicon; 

0.01 - 3.3% by weight germanium, and 

silver to 100%. 

35 in the production of alloys in accordance with the 
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present invention, the alloys are generally worked up by the 
melt addition of a master alloy to fine silver. Accordingly, 
in a further aspect this invention resides broadly in a 
method of producing silver alloy compositions comprising 
alloying to at least 80 wt% silver with a master alloy 
comprising: 

43.0 - 99.85% by weight copper; 

0.1 - 44.3% by weight silicon, and 

0.05 - 56.7% by weight germanium. 

The invention will be further described with reference 
to the following example. 
EXAMPLE 1 

Three alloys were prepared in accordance with the 
compositions of Table 1: 





TABLE I - 


ALLOYS 






B16 


B20 


830* 
83 


Ag 


92.5 


92.5 


Cu 


7.0 


6.8 


16.5 


Si 


.2 


.3 


.2 


Ge 


.3 


.2 


.3 


Sn 




.2 




* 


830 is a standard grade 





Amounts of alloying constituents are given as 
percentages by weight of alloy. The compositions were then 
tested for hardness , as cast, after rolling to reduce 
thickness of a cast ingot by 50% and 75% of its original 
dimension, and annealed. The hardness characteristics of the 
alloys is given in Table 2, the tests being done in 
triplicate: 
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TABLE II - HARDNESS HV 10 



ALLOY 


AS CAST 


50% ROLLED 


75% ROLLED 


ANNEALED 


B16 


86.9 


164 


170 


73.3 




88.4 


162 


180 


73.6 




92.4 


163 


181 


73.6 


B20 


78.8 


151 


167 


71 




73.6 


151 


161 


70.2 




76.3 


145 


168 


70.7 



Alloys in accordance with the above embodiments resist 
10 production of f irescale under normal casting and hot working 
conditions. The alloys are relatively high in copper 
content and are accordingly harder as cast and with working. 
As it is accepted belief that f irescale is a copper oxide, to 
create a high copper content, f irescale free sterling silver 
IS is quite contrary to expectation. The alloys achieve their 
object with fewer alloying components than is generally 
accepted to be desirable, fewer components providing the 
added advantage of a more stable grain structure. 

It will of course be realised that while the above has 
20 been given by way of illustrative example of this invention, 
all such and other modifications and variations thereto as 
would be apparent to persons skilled in the art are deemed to 
fall within the broad scope and ambit of this Invention as 
defined in the claims appended hereto. 
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CLAIMS: - 

1. Silver alloy compositions comprising:- 
2.5 - 19.5% by weight copper; 

0.02 - 2% by weight of silicon; 
0.01 - 3.3% by weight germanium, and 
silver to 100%. 

2. Silver alloy compositions according to Claim 1, wherein 
the silver content of the alloy is at least 83.0% by weight. 

3. Silver alloy compositions according to Claim 2, wherein 
the silver content of the alloy is at least 92.5% by weight. 

4. Silver alloy compositions according to Claim 1, wherein 
the copper content of the alloy is in the region of 6 to 16% 
by weight. 

5. Silver alloy compositions in accordance with any one of 
the preceding Claims , wherein the germanium content of the 
alloy is from about 0.04 to 2.0% by weight. 

6. Silver alloy compositions comprising an alloy in 
accordance with any one of Claims 1 to 5 and having alloyed 
therewith a modifying additive in an amount of 0.0 to 3.5% by 
weight of the original composition, said modifying additive 
being selected from one or a mixture of indium and boron. 

7. Silver alloy compositions according to Claim 6, wherein 
said boron content is from about 0 to 2% by weight and said 
indium content is about 0 to 1.5% by weight. 

8. Silver alloy compositions comprising an alloy in 
accordance with any one of Claims 1 to 5 and having alloyed 
therewith tin in an amount of 0.0 to 6.0% by weight of the 
compositions as defined. 



WO 96/12400 



PCT/AU96/00019 



9 

9. A silver alloy composition comprising: - 

92.5 wt% silver 
7.0 wt% copper 
0.2 wt% silicon 
0.3 wt% germanium 

10. A silver alloy composition comprising :- 

92.5 wt% silver 
6.8 wt% copper 
0.3 wt% silicon 
0.2 wt% germanium 
0.2 wt% tin 

11. A silver alloy composition comprising:- 

83.0 wt% silver 
16.5 wt% copper 
0.2 wt% silicon 
0.3 wt% germanium 

12. A method of producing silver alloy compositions 
comprising alloying to at least 80 wt% silver with a master 
alloy comprising: 

43.0 - 99.85% by weight copper; 
0.1 - 44.3% by weight silicon, and 
0.05 - 56.7% by weight germanium. 
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